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REMARKS 

Claims 1 and 3-19 are currently pending in this application. Claims 1-3 and 5-10 are 
rejected. The Examiner objects to claim 4. Claim 2 is hereby cancelled, and new claims 11-19 
are added via this Amendment. 

SPECIFICATION AND CLAIMS OBJECTIONS: 

The disclosure and claims are objected to because of informalities, as noted in Sections 
1-3 of the Office Action. It appears that the USPTO may have provided the Examiner with a 
version that was either copied or scanned in the Patent Office improperly. Accordingly, Appli- 
cant submits a courtesy copy of the specification as originally filed, which does not have the 
errors noted by the Examiner, to replace the Examiner's improper copy. Therefore, withdrawal 
of the objection to the specification and claims is respectfully requested. 

35 USC §102: 

Claims 1-3, 5, 8, and 10 are rejected under 35 U.S.C. § 102(b) as being anticipated by 
Noguchi, et al. (U.S. Patent No. 5,826,552 [hereinafter "Noguchi"]). Applicant respectfully 
traverses the rejection in view of the following remarks. 

The present invention contributes a novel and unobvious valve timing adjusting apparatus 
providing beneficial features not found in the prior art. This is accomplished by the unique 
combination of elements disclosed in the claims. Applicant submits that Noguchi fails to dis- 
close each of the claimed features. For example, claims 1 and 10 describe a closing member that 
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closes the engaging hole so as to push the rotation regulating member from a first position in the 
engaging hole to a second position outside of the engaging hole. 

Noguchi does not teach the claimed features, but instead discloses that a piston 60 is 
separated from a lock valve 44 by allowing oil to enter between the piston 60 and the lock valve 
44 via a passage 62, so as to eject the lock valve 44 outside a receiving bore 48. (See col. 6, lines 
32-37.) This does not disclose the claimed features, because in Noguchi it is not the piston 60 
that pushes the lock valve 44 out of receiving bore, but instead is a force exerted by a fluid that is 
injected between these two elements. 

Consequently, claims 1 and 10 cannot be anticipated by Noguchi, and the rejection of 
claims 1 and 10 under 35 U.S.C. § 102(b) should be withdrawn. Dependent claims 2, 3, 5 and 8 
also are not anticipated by Noguchi, at least by virtue of their respective dependencies on 
independent claim 1. 

35 U.S.C. §103(a): 

Claims 6, 7 and 9 are rejected under 35 U.S.C. § 103(a) as being unpatentable over 
Noguchi in view of Kinugawa (U.S. Patent No. 6,443,112). Applicant respectfully traverses the 
rejection in view of the following remarks. 
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Applicant notes that the present inventor and the inventor of Kinugawa (U.S. Patent 
No. 6,443,112) are the same person; thus, this reference is not by another and is not prior art 
under 35 U.S.C. §§102(a) or 102(e). It is also not prior art under 35 U.S.C. §102(b) because the 
present specification was filed on August 19, 2003. Nevertheless, Kinugawa is applied for dis- 
closing a separate oil control 6 for controlling a separate lock mechanism F3. Applicant respect- 
fully submits that the combination of this feature and the device of Noguchi would not have 
taught or suggested each feature of claim 1. Consequently, because claims 6, 7 and 9 depend 
from claim 1, their features are also submitted to be patentable over the applied references. 
Accordingly, withdrawal of the rejection of claims 6, 7 and 9 under 35 U.S.C. §103(a) is respect- 
fully requested. 

Allowable Subject Matter: 

New claims 1 1-19 are added to obtain more varied protection for the invention. Claim 1 1 
includes the features of allowable claim 4. Claims 11-19 are deemed allowable due to their 
respective dependences on claims 1 and 10, in addition to their individual recitations. 

In view of the preceding amendments and remarks, reconsideration and allowance of this 
application are now believed to be in order, and such actions are hereby solicited. If any points 
remain in issue that the Examiner feels may be best resolved through a personal or telephonic 
interview, he is kindly requested to contact the undersigned attorney at the local telephone 
number listed below. 
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The USPTO is directed and authorized to charge all required fees (except the 
Issue/Publication Fees) to our Deposit Account No. 19-4880. Please also credit any over- 
payments to said Deposit Account. 

Respectfully submitted, 




SUGHRUE MION, PLLC Daniel V. Williams 

Telephone: (202) 293-7060 Registration No. 45,221 

Facsimile: (202) 293-7860 

WASHINGTON OFFICE 

23373 

CUSTOMER NUMBER 



Date: July 15, 2004 
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TITLE OF THE INVENTION 
VALVE TIMING ADJUSTING APPARATUS 

BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to a valve timing adjusting 
apparatus adjusting the opening/closing timing of an intake valve 
or exhaust valve abutting a cam fixed to an intake camshaft or 
exhaust camshaft of an internal combustion engine (hereinafter 
referred to simply as an "engine" ) . 

Description of the Related Art 

Conventionally, a valve timing adjusting apparatus is 
generally composed of a first rotor that is connected with a 
crank shaft of an engine by a power transmitting member such 
as a chain, and rotates synchronously with the crank shaft, and 
a second rotor that is integrally fixed to the end face of the 
intake camshaft or exhaust camshaft, and relatively rotatably 
provided within the first rotor by a predetermined angle. 

The first rotor is constructed by integrally assembling, 
with a plurality of first fastening members, a housing that has 
a sprocket being subject to the rotary driving force of the crank 
shaft and a bearing sliding ly contacted with the outer peripheral 
surface in the proximity of the end face of the intake camshaft 
or exhaust camshaft, a case that is adjacent to this housing 
and has a plurality of hydraulic chambers inside thereof, and 
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a cover that covers the hydraulic chambers of this case. The 
hydraulic chambers of the case are formed of a plurality of shoes 
projecting radially inwardly within the case. 

The second rotor is generally composed of a boss fixed to 
the end face of the intake camshaft or the exhaust camshaft , 
and a plurality of vanes projecting radially outwardly from the 
outside of the boss to divide each of the above-mentioned 
hydraulic chambers into an advance side hydraulic chamber being 
subject to the hydraulic pressure that rotates the second rotor 
to the advance side and a lag side hydraulic chamber being subject 
to the hydraulic pressure that rotates the second rotor to the 
lag side. The advance side hydraulic chamber is connected with 
a first oil passage formed in the intake camshaft or the exhaust 
camshaft , and the lag side hydraulic chamber is connected with 
a second oil passage formed in the intake camshaft or the exhaust 
camshaft. These first oil passage and second oil passage are 
connected with an oil pump and an oil pan through an oil control 
valve (hereinafter referred to as an OCV) . 

Within one of the shoes of the case of the first rotor, 
for instance, is provided a lock pin that is radially inwardly 
urged by urging means and projects to the second rotor side. 
On the other hand, at the outer peripheral of the boss of the 
second rotor is formed an engaging hole receiving therein the 
lock pin when the relative rotation between the first rotor and 
the second rotor is regulated at the time of starting or stopping 
the engine, for instance. The engaging hole is formed at the 
position in which the second rotor is most advanced relative 



2 



to the first rotor (hereinafter referred to as the most advanced 
position) , at the position in which the second rotor is most 
lagged relative to the first rotor (hereinafter referred to as 
the most lagged position) , or at the position located between 
the most advanced position and the most lagged position 
(hereinafter referred to as the intermediate position) . 

The operation of the related art will now be described below. 

First of all, because remaining oil within the advance side 
hydraulic chamber and the lagged side hydraulic chamber of the 
valve timing adjusting apparatus is returned to the oil pan 
through the first oil passage, the second oil passage, and the 
OCV when the engine is stopped or immediately after the engine 
is started, the relative rotation between the first rotor and 
the second rotor is regulated by the aid of the engagement of 
the lock pin with the engaging hole, by an urging force of the 
urging means (the state is called as a "rotation regulating state" 
or "locking state."). 

When the oil pump is subsequently driven by the engine 
start-up, the oil is supplied to the advance hydraulic chamber 
or the lag side hydraulic chamber of the valve timing adjusting 
apparatus through the OCV. Because the lock pin is radially 
outwardly forced back against the urging force of the urging 
member, and comes out of the engaging hole when the advance side 
hydraulic pressure or the lag side hydraulic pressure is applied 
to the lockpin, the first rotor and the second rotor can relatively 
rotate by the predetermined angle by the advance side hydraulic 
pressure or the lag side hydraulic pressure (the state is called 
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as a "rotating regulation releasing state" or "lock releasing 
state.") (Refer to Patent Document 1, for instance). 
Patent Document 1 : 

"Japanese Patent Application Laid-Open No. 2002-155713" (Claim 
3 and FIG. 3) 

However, the conventional valve timing adjusting apparatus 
thus arranged as mentioned above involves the following problems . 

Where the intermediate maintaining control is performed 
in which the second rotor is maintained at the intermediate 
position relative to the first rotor when the engine is running, 
simultaneous stoppage of the supply of the advance side hydraulic 
pressure and the lag side hydraulic pressure (actually, only 
the few advance side hydraulic pressure is supplied) with the 
OCV can radially inwardly advance the lock pin by the urging 
force of the urging member. Specifically, where the engaging 
hole is formed at the intermediate position, the intermediate 
maintaining control is done in the proximity of the engaging 
hole, which renders maintaining the lock releasing state 
unfeasible, thereby resulting in the re-engagement of the lock 
pin with the engaging hole. 

In the conventional valve timing adjusting apparatus, both 
of the advance side hydraulic pressure and the lag side hydraulic 
pressure are controlled to disengage the lock pin from the 
engaging hole and release the rotating regulation. However, 
the expansion of the hydraulic chamber accompanied with the 
relative rotation between the first rotor and the second rotor 
during the relative rotation reduces the lock release maintaining 
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hydraulic pressure, acting on the tip end of the lock pin to 
half or so the level of the hydraulic pressure supplied by the 
engine. For this reason, the lock releasing state cannot be 
maintained. Thus, when carrying out the relative rotation of 
the apparatus within the range where the lock pin bridges over 
the engaging hole, the lock pin re-engages with the engaging 
hole during the relative rotation, and therefore the valve timing 
adjusting apparatus can be incapable of rotating to the desired 
rotating position. 

In addition, since the re-engagement of the lock pin with 
the engaging hole is difficult to detect, and the relative 
rotating operation of the second rotor relative to the first 
rotor goes faster them the lock releasing operation to retract 
the lock pin when a control command indicative of a change in 
the relative angle between both the rotors is given in the case 
where once the lock pin entered the engaging state with the 
engaging hole, and the hydraulic pressure is supplied to the 
hydraulic chamber, the sticking is produced between the internal 
surface of the lock pin and the internal surface of the engaging 
hole, which impedes the smooth lock releasing. 

SUMMARY OF THE INVENTION 
The present invention has been made to solve the 
above-mentioned problems. An object of the present invention 
is to provide a valve timing adjusting apparatus including a 
mechanism preventing the occurrence of the accidental 
re-engagement during the relative rotation between both the 



5 



rotors after the lock is released. 

The valve timing adjusting apparatus according to the 
present invention includes a first rotor rotating synchronously 
with a crank shaft of an internal combustion engine; a second 
rotor fixed to the end face of an intake or exhaust camshaft 
thereof and relatively rotatably provided within the first rotor 
by a predetermined angle; a rotation regulating member provided 
within either the first rotor or the second rotor # regulating 
the relative rotation between the first rotor and the second 
rotor when the relative position between both the rotors reached 
a predetermined position; and an engaging hole formed within 
either the first rotor or the second rotor , receiving therein 
the engagement of the rotation regulating member at the time 
of regulation of the relative rotation between both the rotors / 
and is closed after the regulation of the relative rotation 
between both the rotors is released. 

Therefore, according to the present invention, it securely 
prevents re-engagement of the rotation regulating member with 
the engaging hole that is closed during the relative rotation 
between both the rotors after the lock is released. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is an axial sectional view showing the internal 

structure of the valve timing adjusting apparatus according to 

a first embodiment; 

FIG. 2 is a radial sectional view taken along line II-II 

in FIG. 1; 
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FIG. 3 is an enlarged radial sectional view showing the 
locking state of the first rotor and the second rotor in the 
valve timing adjusting apparatus shown in FIG. 1 and FIG. 2; 

FIG. 4 is am enlarged radial sectional view showing the 
lock releasing state of the first rotor and the second rotor 
in the valve timing adjusting apparatus shown in FIG. 1 and FIG. 
2; 

FIG. 5 is an enlarged radial sectional view showing the 
sliding state of the locking member in the valve timing adjusting 
apparatus shown in FIG. 4 when the lock is released; 

FIG. 6 is a schematic diagram showing the overall structure 
of an hydraulic pressure supplying and exhausting system in which 
the valve timing adjusting apparatus shown in FIGS. 1 to 5 is 
incorporated; 

FIG. 7 is an axial sectional view showing the internal 
structure of the valve timing adjusting apparatus according to 
a second embodiment; 

FIG. 8 is a radial sectional view taken along line VIII-VIII 
in FIG. 7; 

FIG. 9 is an enlarged schematic perspective view showing 
the purview of FIG. 8; 

FIG. 10 is an enlarged radial sectional view showing the 
locking state of the first rotor and the second rotor in the 
valve timing adjusting apparatus shown in FIGS. 7-9; 

FIG. 11 is an enlarged radial sectional view showing the 
lock releasing state of the first rotor and the second rotor 
in the valve timing adjusting apparatus shown in FIGS. 7-9; and 
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FIG. 12 is a schematic diagram showing the overall structure 
of an hydraulic pressure supplying and exhausting system in which 
the valve timing adjusting apparatus shown in FIGS. 7-11 is 
incorporated • 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Preferred embodiments of the present invention will now 
be described hereinaf ter with reference to the attached drawings . 

First Embodiment 
FIG. 1 is an axial sectional view showing the internal 
structure of the valve timing adjusting apparatus according to 
the first embodiment. FIG. 2 is a radial sectional view taken 
along line II-II in FIG. 1. FIG. 3 is an enlarged radial sectional 
view showing the locking state of the first rotor and the second 
rotor in the valve timing adjusting apparatus shown in FIG. 1 
and FIG. 2. FIG. 4 is an enlarged radial sectional view showing 
the lock releasing state of the first rotor and the second rotor 
in the valve timing adjusting apparatus shown in FIG. 1 and FIG. 
2. FIG. 5 is an enlarged radial sectional view showing the 
sliding state of the locking member in the valve timing adjusting 
apparatus shown in FIG. 4 when the lock is released. FIG. 6 
is a schematic diagram showing the overall structure of an 
hydraulic pressure supplying and exhausting system in which the 
valve timing adjusting apparatus shown in FIGS. 1 to 5 is 
incorporated • 

Referring to FIGS 1 to 6, reference numeral 1 denotes a 
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valve timing adjusting apparatus that is generally composed of 
a first rotor 10 connected with the crank shaft (not shown) of 
an engine (not shown) with a power transmitting member (not shown) 
such as a chain and rotates synchronously with the 
above-mentioned crank shaft, and a second rotor 30 that is 
integrally fixed to the end face of an intake side or exhaust 
side camshaft (hereinafter referred to as a camshaft) 20 with 
a bolt 21 and relatively rotatably provided within the first 
rotor 10 by a predetermined angle. This valve timing adjusting 
apparatus 1 is a so-called intermediate lock type valve timing 
adjusting apparatus in which the rotation of the second rotor 
30 relative to the first rotor 10 is regulated at the intermediate 
position between the most advanced position and the most lagged 
position, which is the relative position between the first rotor 
10 and the second rotor 3 0 . The valve timing adjusting apparatus , 
as will be described later, has a so-called radial direction 
lock structure in which a rotation regulating member regulating 
the relative rotation between the first rotor 10 and the second 
rotor 30 is slidably provided on the first rotor 10 side in the 
radial direction of the valve timing adjusting apparatus 1, and 
the engaging hole engaging therein the rotation regulating member 
is formed on the second rotor 30 side. 

The first rotor 10 is generally composed of a housing 11 
that is integrally provided with a sprocket 11a to be subject 
to the rotary driving force of the above-mentioned crank shaft 
and is internally provided with a slidingly contacting portion 
65 slidingly contacting the outer peripheral surface of the 
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camshaft 20 located in the proximity of its end face; a case 
12 that is provided adjacent to this housing 11 and has a plurality 
of (four in the first embodiment) shoes 12a, 12b, 12c, and 12d 
for radially inwardly projecting and forming a plurality of 
spaces; and a cover 13 that covers the interstice of this case 
12, the first rotor being integrally fastened to the apparatus 
with bolts 14. 

The second rotor 30 is, as shown in FIG. 1, a rotor (the 
second rotor 30 is referred to as a "rotor 30" hereinafter) having 
a boss 30a integrally fastened to the end face of the camshaft 
20 with a bolt 21 and a plurality of (four in the first embodiment) 
vanes 30b, 30c, 30d, and 30e radially outwardly projecting from 
the outer peripheral of the boss 30a. The vane 30b of the rotor 
30 divides the space formed between the shoe 12d and the shoe 
12a of the case 12 into an advance side hydraulic pressure chamber 
31a and a lag side atmospheric pressure chamber 32a; the vane 
30c divides the space formed between the shoe 12a and the shoe 
12b into an advance side atmospheric pressure chamber 31b and 
a lag side hydraulic pressure chamber 32b; the vane 30d divides 
the space formed between the shoe 12b and the shoe 12c into an 
advance side hydraulic pressure chamber 31c and a lag side 
hydraulic pressure chamber 32c; and the vane 30e divides the 
space formed between the shoe 12c and the shoe 12d into an advance 
side hydraulic pressure chamber 31d and a lag side hydraulic 
pressure chamber 3 2d. 

As shown in FIG. 1, in each of the tip ends of the shoes 
12b, 12c, and 12d other than the shoe 12a of the case 12 in the 



10 



first embodiment , are provided seal members 33a, 33b, and 33c 
preventing hydraulic fluid standing between the advance side 
hydraulic pressure chamber 31a and the lag side hydraulic 
pressure chamber 32d, between the advance side hydraulic pressure 
chamber 31c and the lag side hydraulic pressure chamber 32b, 
and between the advance side hydraulic pressure chamber 3 Id and 
the lag side hydraulic pressure chamber 32c from flowing, to 
thereby maintain the pressure within each of the chambers. 
Moreover, in each of the tip ends of the vanes 30b, 30c, 30d, 
and 30e of the rotor 30 are provided seal members 33d, 33e, 33f , 
and 33g preventing hydraulic fluid standing between the advance 
side hydraulic pressure chamber 31a and the lag side atmospheric 
pressure chamber 32a, between the advance side atmospheric 
pressure chamber 31b and the lag side hydraulic pressure chamber 
32b, between the advance side hydraulic pressure chamber 31c 
and the lag side hydraulic pressure chamber 32c, and between 
the advance side hydraulic pressure chamber 31d and the lag side 
hydraulic pressure chamber 32d from flowing, to thereby maintain 
the pressure within each of the chambers. As shown in FIG. 2, 
the seal member 33c, for instance, is generally composed of a 
seal 34 formed of flexible resin and a board spring 35 pressing 
the seal 34 on the outer peripheral surface 3 Of of the rotor 
30, and the other seal members have similar structures. 

Moreover, assist springs 37 each held in holders 36 are 
provided between the shoe 12d of the case 12 and the vane 30b 
of the rotor 30, between the shoe 12b of the case 12 and the 
vane 30d of the rotor 30, and between the shoe 12c of the case 
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12 and the vane 30e of the rotor 30. This assist springs 37 # 
in the state in which hydraulic pressure is not supplied when 
the engine is stopped or started, continuously urges the rotor 
30 relative to the case 12 in the advance direction (in the 
direction of arrow X in FIG. 1) against the valve reaction force 
being subject to by the camshaft 20 in the lag direction (in 
the direction of arrow Y in FIG. 1) . In addition, holders 36 
improve the assemblage of the assist springs 37 and prevent a 
plurality of assist springs 37 from interfering with one another. 

Inside the boss 30a of the rotor 30 and the camshaft 20 
are provided a first oil passage 38 communicating with the advance 
side hydraulic pressure chambers 31a, 31c, and 31d other than 
the advance side hydraulic pressure chamber 31b, and supplying 
thereto and exhausting theref romhydraulic pressure , and a second 
oil passage 39 communicating with the lag side hydraulic pressure 
chambers 32b, 32c, and 32d other than the lag side atmospheric 
pressure chamber 32a, and supplying thereto and exhausting 
theref rom hydraulic pressure. The first oil passage 38 and the 
second oil passage 39 are arranged as shown in FIG. 6 to supply 
thereto and exhaust therefrom hydraulic pressure by an oil pump 
41 and an oil pan 42 through an OCV 40. Although the structure 
in which hydraulic pressure is not supplied to the advance side 
atmospheric pressure chamber 31b and the lag side atmospheric 
pressure chamber 32a, an advance side drain passage 43 and a 
lag side drain passage 44 opened to the atmosphere, for 
discharging oil are provided within the advance side atmospheric 
pressure chamber 31b and the lag side atmospheric pressure 
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chamber 32a, respectively, as shown in FIG. 1. 

A lock pin receiving hole 50 radially passing through the 
shoe 12a is formed only in the shoe 12a out of the shoes of the 
case 12, disposed between the advance side atmospheric pressure 
chamber 31b and the lag side atmospheric pressure chamber 32a. 
In the lock pin receiving hole 50 is slidably provided a lock 
pin (rotation regulating member) 51 in an axial direction of 
the lock pin receiving hole 50, regulating the relative rotation 
between the case 12 and the rotor 30 when the engine is stopped 
or started, and permitting the relative rotation when the engine 
is running. The lock pin 51 is generally composed of a 
cylindrical pin body 51a and a non-through hole 51b that is formed 
at the bottom of the pin body 51a along an axial direction of 
the pin body. 

Moreover, in the portion of the lock pin receiving hole 

50 in the proximity of the outer peripheral surface of the case 
12 is inserted a bush 52 having a non-through hole 52a, and this 
bush 52 is positioned and secured thereon by a shaft 53 inserted 
therein along an orthogonal direction crossing the axial 
direction of the lock pin receiving hole 50. Between the 
non-through hole 52a of the bush 52 and the non-through holes 
51b of the lock pin 51 opposing to the non- through hole 52a is 
provided a coil spring 54 that continuously urges the lock pin 

51 in the direction of arrow Zl . At the bottom of the non- through 
hole 52a of the bush 52 is formed a back pressure drain passage 
52b for exhausting back pressure developed within the lock pin 
receiving hole 50, to the atmosphere, when the lockpin 51 retreats 
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in the direction of arrow Z2. 

On the other hand, a slider receiving hole 55 for receiving 
the lock pin 51 is formed along a radial direction in the 
intermediate position that is a position opposed to the shoe 
12a of the case 12 , and is away from both of the most advanced 
position in which the shoe 12a and the vane 30b of the rotor 
30 abut each other and the most lagged position in which the 
shoe 12a and the vane 30c abut each other, in the outer peripheral 
of the boss 30a of the rotor 30. The slider receiving hole 55 
has an internal diameter that is slightly larger than the external 
diameter of the lock pin 51. The slider receiving hole 55 has 
a bottom 55a, and in the bottom 55a is formed one end of a third 
oil passage 56 for supplying hydraulic pressure into the slider 
receiving hole 55. The third oil passage 56 is arranged, as 
shown inFIG. 6, to supply thereto and exhaust therefrom hydraulic 
pressure by the oil pump 41 and the oil pan 42 through an 
opening /closing control valve 57 independent of the first oil 
passage 38 and the second oil passage 39 extending through the 
OCV 40. 

Moreover, within the slider receiving hole 55 is provided 
aslider (closing member) 58 that is slidable in an axial direction 
of the slider receiving hole 55, and a bush 59 is press-fitted 
into a position located in the proximity of the outer peripheral 
surface 30f of the rotor 30, in the slider receiving hole 55. 
The slider 58 is a sliding member that pushes back in the direction 
of arrow Z2 the lock pin 51 to be engaged with an engaging hole 
59a of the bush 59 press-fitted into the slider receiving hole 
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55 against the urging force of the coil spring 54. The slider 
is generally composed of a thin portion 58a having an external 
diameter substantially equal to that of the pin body 51a of the 
lock pin 51; a thick portion 58b located closer to the bottom 
55a side of the slider receiving hole 55 than this thin portion 
58a; and a concave 58c formed on the bottom of this thick portion 
58b for forming an internal space between the bottom of the slider 
58 and the bottom 55a of the slider receiving hole 55, which 
causes hydraulic pressure supplied to the slider receiving hole 
55 from the third oil passage 56 to promptly act on the whole 
bottom of the slider 58 even when the slider 58 retreats and 
is in contact with the bottom 55a of the slider receiving hole 
55. 

Within the bush 59 is formed the engaging hole 59a passing 
through the bush in an axial direction of the bush and engaging 
therein the lock pin 51. The inner peripheral surface of the 
engaging hole 59a has an internal diameter enough for the pin 
body 51a of the lock pin 51 and the thin portion 58a of the slider 
58 to slide therein, and the axial length of the engaging hole 
is arranged to be substantially equal to that of the thin portion 
58a of the slider 58. Therefore, as shown in FIG. 4, when the 
thin portion 58a of the slider 58 slid by hydraulic pressure, 
in the direction of arrow Z2 within the engaging hole 59a of 
the bush 59, the tip end surface 58d of the thin portion 58a 
of the slider 58 becomes substantially flush with the top surface 
59c of the bush 59 at the time the slide is stopped by the abutment 
of the thick portion 58b of the slider 58 on bottom surface 59b 
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of the bush 59. At that time/ because the outer peripheral 
surface 30f of the rotor 30/ the top surface 59c of the bush 
59, and the tip end surface 58d of the slider 58 are consecutively 
subject to the slide of the tip end surface 51c of the lock pin 
51 when the lock pin 51 retreats in the direction of arrow Zl 
(in the lock releasing state), ideally, each of the 
above-mentioned surfaces should be flush with one another. 
However/ as apracticalmatter/ it is necessary to consider errors 
in the machining accuracy in the assembly stage. That is, as 
shown in FIG. 5, when the top surface 59c of the bush 59 is retained 
within the slider receiving hole 55 formed on the lower side 
such that the top surface does not project outwardly from the 
outer peripheral surface 3 Of of the rotor 30, and further the 
tip end surface 58d of the thin portion 58a of the slider 58 
sliding within the engaging hole 59a of the bush 59, slightly 
project from the top surface 59c of the bush 59, the top surface 
59c of the bush 59 will slightly be recessed from the outer 
peripheral surface 3 Of of the rotor 30 and the tip end surface 
58d of the slider 58. However, since the width of the recess 
is much shorter than that of the lock pin 51, the lock pin 51 
does not go in the above-mentioned recess, nor does it stick 
therein, which allows smooth sliding of the lock pin 51 on the 
outer peripheral surface 30f of the rotor 30. In addition, as 
shown in FIG. 5, the convexly curved tip end surface 51c of the 
lock pin 51 relative to the slider receiving hole 55 avoids 
sticking the corner of the tip end surface 51c of the lock pin 
51 in the recess, thereby ensuring the stability of the relative 
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rotation between the case 12 and the rotor 30. If it is 
tentatively arranged without entirely considering errors in the 
machining accuracy, that the top surface 59c of the bush 59 and 
the tip end surface 58d of and the slider 58 becomes flush with 
each other relative to the outer peripheral surface 3 Of of the 
rotor 30 # there is a possibility that the tip end surface 58d 
of the slider 58 will lower from the top surface 59c of the bush 
59 , with the result that the lock pin 51 will engage with the 
recess when the length of the thin portion 58a of the slider 
58 is shorter than that of the engaging hole 59a of the bush 
59. Conversely, when the length of the thin portion 58a of the 
slider 58 is longer than that of the engaging hole 59a of the 
bush 59, it is feared that the tip end surface 58d of the slider 
58 will project from the outer peripheral surface 30f of the 
rotor 30 and the top surface 59c of the bush 59, and the lock 
pin 51 will stick thereon, which blocks the relative rotation 
between the case 12 and the rotor 30. 

The operation of the first embodiment will now be described 
below. 

First of all, because the oil pump 41 shown in FIG. 6 is 
not driven when the engine is stopped, the remaining oil in the 
valve timing adjusting apparatus 1, in the first oil passage 
38, and in the second oil passage 39 is flowed down to the oil 
pan 42. At that time, since the opening/closing control valve 
57 is closed, and the hydraulic pressure is not supplied to the 
third oil passage 56, lock releasing hydraulic pressure is not 
supplied into the slider receiving hole 55 from the third oil 
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passage 56 , and the slider 58 in the slider receiving hole 55 
does not act on the lock pin 51. Therefore, as shown in FIG. 
3, the lock pin 51 slides in the direction of arrow Zl by the 
urging force of the coil spring 54 , and engages with the engaging 
hole 59a of the bush 59. The tip end surface 51c of the lock 
pin 51 abuts the tip end surface 58d of the thin portion 58a 
of the slider 58, thereby retreating the slider into a retreating 
space 55b on the bottom 55a side of the slider receiving hole 
55. This regulates the relative rotation between the case 12 
and the rotor 30 (the locking state). 

Subsequently, because it is difficult to control the 
relative rotating portion between the first rotor and second 
rotor of the valve timing adjustment apparatus 1 at the desired 
position on account of a low temperature and a high viscosity 
of the oil immediately after the engine is started and the pump 
41 shown in FIG. 6 is driven, the opening /closing control valve 
57 is closed, and the slider 58 does not act on the lock pin 
51, which maintains the locking state. Since the hydraulic 
pressure is not supplied to the advance side atmospheric pressure 
chamber 31b and the lag side atmospheric pressure chamber 32a 
adjacent to the shoe 12a of the case 12 in which the lock pin 
51 is provided, the hydraulic pressure does not act on the tip 
end surface 51c of the lock pin 51 through the clearance between 
the tip end surface of the shoe 12a and the outer peripheral 
surface 30f of the rotor 30. Accordingly, even in this regard, 
accidental releasing of the locking state is not done. In the 
event that the oil enters the advance side atmospheric pressure 
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chamber 31b and the lag side atmospheric pressure chamber 32a # 
the oil is promptly discharged through the advance side drain 
passage 43 and the lag side drain passage 44. 

Then, when the engine warming up is ended, the oil gets 
to have a high temperature and a low viscosity. At this stage, 
it becomes fairly possible to control the relative rotation 
between the first rotor and the second rotor of the valve timing 
adjusting apparatus 1 at the desired position. Now, upon giving 
a control instruction, the opening/closing control valve 57 shown 
in FIG. 6 is operated to change from the closing state to the 
opening state in which the hydraulic pressure is supplied to 
the third oil passage 56, and the hydraulic pressure (the lock 
releasing hydraulic pressure) is supplied from the third oil 
passage 56 to the internal space formed between the bottom 55a 
of the slider receiving hole 55 and the concave 58c of the slider 
58. As shown in FIG. 4, the slider 58 slides by the 
above-mentioned hydraulic pressure in the direction of arrow 
Z2 until the thick portion 58b of the slider 58 abuts the bottom 
surface 59b of the bush 59 and the thick portion stops . Further, 
the slider retreats the lock pin 51 into the lock pin receiving 
hole 50 against the urging force of the coil spring 54 to make 
the lock pin come out of the engaging hole 59a of the bush 59 
in the slider receiving hole 55, and at the same time closes 
the engaging hole 59a of the bush 59 formed within the slider 
receiving hole 55 . At that time, when the lock pin 51 completely 
came out of the engaging hole 50, the engagement of the lock 
pin and the engaging hole is released, and the relative rotation 



19 



between the case 12 and the rotor 30 is permitted (the lock 
releasing state) . This lock releasing state is securely 
maintained, because the engaging hole 59a of the bush 59 in the 
slider receiving hole 55 is closed by the slider 58 slid by the 
lock releasing hydraulic pressure as long as the lock releasing 
hydraulic pressure is supplied into the slider receiving hole 
55 through the third oil passage 56 with the opened 
opening/closing control valve 57, 

Moreover, since the third oil passage 56 is constructed 
independently of the first oil passage 38 and the second oil 
passage 39 communicating with the advance side hydraulic pressure 
chambers 31a, 31c, and 3 Id, and the lag side hydraulic pressure 
chambers 32b, 32c, and 32d in which the hydraulic pressure 
fluctuations accompanied with the change in the relative angle 
between the case 12 and the rotor 30 takes place when the engine 
is running, the third oil passage 56 is free from influences 
by the fluctuations in the above-mentioned hydraulic pressure, 
thus enabling continuos application of a constant lock releasing 
hydraulic pressure to the slider 58. 

In addition, because the advance side atmospheric pressure 
chamber 31b and the lag side atmospheric pressure chamber 32a 
adjacent to the shoe 12a of the case 12 is opened to the atmosphere 
through the advance side drain passage 43 and the lag side drain 
passage 44, and further the space corresponding to the back of 
the lock pin 51 within the lock pin receiving hole 50 is opened 
to the atmosphere through the atmosphere communicating hole (not 
shown) of the bush 54 press-fitted in the lock pin receiving 
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hole 50, the slider 58 is subject to extremely small sliding 
resistance when the slider slides in the direction of arrow Z2 
by the lock releasing hydraulic pressure from the third oil 
passage 56. Accordingly, the slider 58 can promptly slide by 
the applied lock releasing hydraulic pressure to push the lock 
pin 51 out of the engaging hole 59a, and to close the engaging 
hole 59a* 

The urging force of the coil spring 54, for instance, is 
set such that the slider 58 slides against the urging force of 
the coil spring 54 to thereby maintain the lock releasing state 
even when the lock releasing hydraulic pressure applied to the 
slider 58 is in the state of the high oil temperature when the 
engine is running or in the lowest hydraulic pressure at the 
time of the low- speed rotation. 

Since the lock pin 51 is continuously urged in the direction 
of arrow Zl by the urging force of the coil spring 54 even when 
the engine is running, the lock pin slides on the outer peripheral 
surface 3 Of of the rotor 30 between the vane 30b and the vane 
30c thereof during the relative rotation between the case 12 
and the rotor 30. On the other hand, because the engaging hole 
59a is always closed by the slider 58, the lock pin 51 is securely 
prevented from re-engaging with the engaging hole 59a no matter 
whatever the valve timing adjusting apparatus 1 is in controlling 
state. For instance, when performing the intermediate 
maintaining control in which the relative angle between the case 
12 and the rotor 30 is controlled such that the shoe 12a of the 
case 12 is maintained in the intermediate position where the 
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shoe 12a of the case 12 is apart from both of the vane 30b and 
the vane 30c of the rotor 30, the lock pin 51 will slide in the 
proximity of the engaging hole 59a. However, even in this case, 
because the engaging hole 59a is closed by the slider 58, the 
lock pin 51 is securely prevented from re-engaging with the 
engaging hole 59a. 

In addition, once the engine stopped, the remaining oil 
within the first oil passage 38 and the second oil passage 39 
flows down to the oil pan 42, and air comes to stay in each oil 
passage. If the engine is re-started under such a condition, 
it is difficult to control the valve timing adjusting apparatus 
1 in the substantially intermediate position between the most 
advanced position and the most lagged position for the reason 
that the oil supplied from the first oil passage 38 and the second 
oil passage 39 into the valve timing adjusting apparatus 1 
contains air therein even through the oil has a high temperature 
and a low viscosity. Even in such a condition, closing the 
opening /closing control valve 57 allows stoppage of the supply 
of the hydraulic pressure for lock releasing to the slider 58 
to maintain the locking state. Subsequently, exhausting the 
air contained within the oil and then opening the opening/closing 
control valve 57 permits a supply of the hydraulic pressure for 
lock releasing to the slider 58, and a push of the lock pin 51 
out of the engaging hole 59a to thereby control the rotor 30 
at an arbitrary angle relative to the case 12 . 

As mentioned above, according to the first embodiment, 
through the structure that the engaging hole 59a is closed 
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immediately after the locking state is released, the lock pin 
51 is securely prevented from re-engaging with the engaging hole 
59a when the engine is running in which the relative rotation 
between the case 12 and the rotor 30 is permitted. 

According to the first embodiment/ through the structure 
that the valve timing adjusting apparatus include the slider 
58 serving as a closing member that closes the engaging hole 
59a # the slider 58 pushes the lock pin 51 out of the engaging 
hole 59a to close the engaging hole 59a immediately after the 
lock is released. This securely prevents the lock pin 51 from 
re-engaging with the engaging hole 59awhen the engine is running. 

According to the first embodiment, through the structure 
that the slider 58 serving as a closing member that closes the 
engaging hole 59a is slidable in an axial direction of the engaging 
hole 59a, the slider 58 can be received inside the engaging hole 
59a formed along the radial direction of the valve adjustment 
apparatus 1 in line with the sliding direction of the lock pin 
51 . This reduces the size of the valve timing adjusting apparatus 
1 in its radial direction. 

According to the first embodiment, through the structure 
that the slider 58 serving as a closing member that closes the 
engaging hole 59a is slidable by hydraulic pressure, the slider 
58 can be operated by means of the supply thereto and exhaust 
therefrom of the hydraulic pressure . This ensures the operating 
stability of the slider 58. 

According to the first embodiment, through the structure 
that the third oil passage 56 through which the lock releasing 
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hydraulic pressure (the hydraulic pressure) acting on the slider 
58 is supplied, is provided independently of the first oil passage 
38 and the second oil passage 39 through which the hydraulic 
pressures for relatively rotating the case 12 (the first rotor) 
and the rotor 30 (the second rotor) (the advance side hydraulic 
pressure and the lag side hydraulic pressure) are supplied, the 
slider 58 can be operated without being influenced at all by 
fluctuations occurred in the advance side hydraulic pressure 
and the lag side hydraulic pressure when the engine is running. 
This secures the independent controllability of the lock 
releasing operation by the slider 58. 

According to the first embodiment, through the structure 
that the third oil passage 56 through which the lock releasing 
hydraulic pressure (the hydraulic pressure) acting on the slider 
58 is supplied include the opening/closing control valve 57 
controlling the supply and the stop of the lock releasing 
hydraulic pressure, the lock releasing hydraulic pressure can 
be supplied at proper lock release timing in accordance with 
the operating state of the engine and the oil conditions, as 
well as the lock releasing state is securely maintained as long 
as the lock releasing hydraulic pressure is supplied. 

According to the first embodiment, through the structure 
that the slider 58 can release the lock even by the lowest hydraulic 
pressure when the engine is running, it becomes possible to set 
the urging force of the coil spring 54, for instance, such that 
the slider 58 is slid against the urging force of the coil spring 
54 to thereby maintain the lock releasing state, even though 
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the lock releasing hydraulic pressure applied to the slider 58 
is the lowest when the engine is running . This securely prevents 
at all times the lock pin 51 from re-engaging with the engaging 
hole 59a when the engine is running • 

According to the first embodiment, through the structure 
that the engaging hole 59a is formed in the outer periphery of 
the rotor 30 in the position between the most advanced position 
and the most lagged position, which is the relative position 
of the rotor 30 (the second rotor) , relative to the case 12 (the 
first rotor) , the lock pin 51 is securely prevented from 
re-engaging with the engaging hole 59a, even when performing 
the intermediate maintaining control in which the rotor 30 is 
controlled in the intermediate position relative to the case 
12. 

According to the first embodiment, since the apparatus 
includes the slider 58 that pushes the lock pin 51 out of the 
engaging hole 59a to release the engagement of the lock pin 51, 
and closes the engaging hole 59a, it is possible to use a component 
for many purposes to suppress an increase in the number of 
components. 

In passing, in the first embodiment, while the apparatus 
includes the slider 58 that slides in the axial direction of 
the engaging hole 59a receiving therein the lock pin 51 that 
slides in a radial direction of the valve timing adjusting 
apparatus 1, the apparatus may adopt a closing member similar 
to the slider that slides in a direction crossing the axial 
direction of the engaging hole 59a, which is introduced in the 
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second embodiment described later, for instance. Moreover, in 
the first embodiment, although the chambers located on the right 
side and the left side of the lock pin are atmospheric pressure 
chambers (the atmospheric pressure chambers 32a and 31b) , these 
chambers may also be hydraulic pressure chambers. 

Second Embodiment 

FIG. 7 is an axial sectional view showing the internal 
structure of the valve timing adjusting apparatus according to 
the second embodiment. FIG. 8 is a radial sectional view taken 
along line VIII-VIII in FIG. 7. FIG. 9 is an enlarged schematic 
perspective view showing the purview of FIG. 8. FIG. 10 is an 
enlarged radial sectional view showing the locking state of the 
first rotor and the second rotor in the valve timing adjusting 
apparatus shown in FIGS. 7-9. FIG. 11 is an enlarged radial 
sectional view showing the lock releasing state of the first 
rotor and the second rotor in the valve timing adjusting apparatus 
shown in FIGS. 7-9. FIG. 12 is a schematic diagram showing the 
overall structure of an hydraulic pressure supplying and 
exhausting system in which the valve timing adjusting apparatus 
shown in FIGS. 7-11 is incorporated. Among the components in 
the second embodiment, the same ones as the first embodiment 
are indicated by the same reference numerals, and therefor the 
explanation thereof is omitted for brevity's sake. 

The feature of the second embodiment is as with the first 
embodiment in that in a so-called intermediate lock type of valve 
timing adjusting apparatus, a rotation regulating member that 
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regulates a relative rotation between a first rotor and a second 
rotor is sidably provided on the slide of the second rotor, in 
an axial direction of the valve timing adjusting apparatus , an 
engaging hole receiving therein the rotation regulating member , 
so-called an axial direction lock, is provided on the first rotor 
side, and a closing member closing the engaging hole is slidably 
provided in a direction orthogonally crossing the axial direction 
of the engaging hole, within the engaging hole. 

The second embodiment will now be specifically described 
below. 

A first rotor 10 in the valve timing adjusting apparatus 
60 according to the second embodiment is generally composed of 
a housing 11, a case 70 that is provided adjacent to this housing 
11 and has a plurality of (four in the second embodiment) shoes 
70a, 70b, 70c, and 70d radially inwardly projecting to form a 
plurality of spaces, and a cover 13 that covers the interstice 
of this case 70, the first rotor being integrally fastened to 
the apparatus with bolts 14. 

As shown in FIG. 7, a second rotor 80 is a rotor (the second 
rotor 80 is referred to as "a rotor 80" hereinafter) having a 
boss 80a integrally fastened to the end face of a camshaft 20 
with a bolt 21 and a plurality of (four in the second embodiment) 
vanes 80b, 80c, 80d, and 80e radially outwardly projecting to 
the outer peripheral of the boss 80a. The vane 80b of the rotor 
80 divides the space formed between the shoe 70d and the shoe 
70a of the case 70 into an advance side hydraulic pressure chamber 
81a and a lag side hydraulic pressure chamber 82a; the vane 80c 
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divides the space formed between the shoe 70a and the shoe 70b 
into an advance side hydraulic pressure chamber 81b and a lag 
side hydraulic pressure chamber 82b; the vane 80d divides the 
space formed between the shoe 70b and the shoe 70c into an advance 
side hydraulic pressure chamber 81c and a lag side hydraulic 
pressure chamber 82c; and the vane 80e divides the space formed 
between the shoe 70c and the shoe 7 Od into an advance side hydraulic 
pressure chamber 81d and a lag side hydraulic pressure chamber 
82d. 

As shown in FIG. 7, in each of the tip ends of the shoes 
70a, 70b, 70c # and 70d of the case 70 in the second embodiment 
are provided seal members 33a, 33b, 33c, and 33d preventing 
hydraulic fluid standing between the lag side hydraulic pressure 
chamber 82a and the advance side hydraulic pressure chamber 81b, 
between the lag side hydraulic pressure chamber 82b and the 
advance side hydraulic pressure chamber 81c, between the lag 
side hydraulic pressure chamber 82c and the advance side 
hydraulic pressure chamber 81d, and between the lag side 
hydraulic pressure chamber 82d and the advance side hydraulic 
pressure chamber 81a, respectively, from flowing, and 
maintaining the pressure within each of the hydraulic pressure 
chambers. Moreover, in each of the tip ends of the vanes 80b, 
80c, 80d, and 80e of the rotor 80 are provided seal members 33e, 
33f , 33g, and 33h preventing hydraulic fluid standing between 
the advance side hydraulic pressure chamber 81a and the lag side 
hydraulic pressure chamber 82a, between the advance side 
hydraulic pressure chamber 81b and the lag side hydraulic 
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pressure chamber 82b, between the advance side hydraulic pressure 
chamber 81c and the lag side hydraulic pressure chamber 82c, 
and between the advance side hydraulic pressure chamber 8 Id and 
the lag side hydraulic pressure chamber 82d # respectively, from 
flowing, and maintaining the pressure within each of the 
hydraulic pressure chambers . As shown in FIG . 8 , the seal member 
33c, for instance, is generally composed of a seal 34 formed 
of flexible resin and a board spring 35 pressing the seal 34 
to the outer peripheral surface 3 Of of the rotor 30, and the 
other seal members have similar structures. 

Moreover, assist springs 37 each held by holders 36 are 
provided between the shoe 70d of the case 70 and the vane 80b 
of the rotor 80, between the shoe 70a of the case 70 and the 
vane 80c of the rotor 80, between the shoe 70b of the case 70 
and the vane 80d of the rotor 80, and between the shoe 70c of 
the case 70 and the vane 80e of the rotor 80. This assist spring 
37 continuously urges the rotor 80 relative to the case 70 to 
the advance direction (in the direction of arrow X in FIG. 7) 
against the valve reaction force being subject to by the camshaft 
20 to the lag direction (in the direction of arrow Y in FIG. 
7) at the time hydraulic pressure is not applied when the engine 
is stopped or started. 

Inside the boss 80a of the rotor 80 and the camshaft 20 
are provided a first oil passage 38 communicating with the advance 
side hydraulic pressure chambers 31b, 31c, and 31d other than 
the advance side hydraulic pressure chamber 81a, and supplying 
thereto and exhausting therefrom hydraulic pressure, and second 
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oil passage 39 communicating with the lag side hydraulic pressure 
chambers 82b, 82c # and 82d other than the lag side hydraulic 
pressure chamber 82a, and supplying thereto and exhausting 
therefrom hydraulic pressure. The first oil passage 38 and the 
second oil passage 39 are arranged as shown in FIG. 12 to supply 
thereto and exhaust therefrom hydraulic pressure by a first oil 
pump 41 and a second oil pan 42 through an OCV 40. Whereas in 
the second embodiment as with the first embodiment, hydraulic 
pressure is not supplied to the advance side hydraulic pressure 
chamber 81a and the lag side hydraulic pressure chamber 82a, 
a drain passage (not shown) opened to the atmosphere, for 
discharging oil is provided within each of the advance side 
hydraulic pressure chamber 81a and the lag side hydraulic 
pressure chamber 82a. 

A lock pin receiving hole 90 having a bottom 90a in an axial 
direction of the valve timing adjusting apparatus 60 is formed 
only in the vane 80b out of the vanes of the rotor 80, disposed 
between the advance side hydraulic pressure chamber 81a and the 
lag side hydraulic pressure chamber 82a. In the lock pin 
receiving hole 90 is slidably provided a lock pin 91 (rotation 
regulating member) along an axial direction of the lock pin 
receiving hole 90, for regulating the relative rotation between 
the case 70 and the rotor 80 when the engine is stopped or started, 
and for permitting the relative rotation therebetween when the 
engine is running. The lock pin 91 is generally composed of 
a cylindrical pin body 91a and a non-through hole 91b formed 
at the bottom of the pin body 91a in an axial direction of the 
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pin body. In passing, a tip end surface 91c of the pin body 
91a has a convexly curved surface with respect to an engaging 
hole described later, for the same reason of the tip end surface 
51c of the pin body 51a in the first embodiment. 

Between the bottom 90a of the lock pin receiving hole 90 
and the non- through hole 91b of the lock pin 91 is provided a 
coil spring 54 that continuously urges the lock pin 91 in the 
direction of arrow Z3, Moreover, within the bottom 90a of the 
lock pin receiving hole 90 is provided a back pressure drain 
passage 92 for exhausting the back pressure to the atmosphere, 
produced in the back of the lock pin 91 when the lock pin 91 
retreats in the direction of arrow Z4 against the urging force 
of the coil spring 54. 

On the other hand, at the position within the housing 11 
as the first rotor 10, corresponding to the lock pin receiving 
hole 90 formed in the vane 80b of the rotor 80 rotated to the 
intermediate position between the most advanced position and 
the most lagged position, is formed a cylindrical engaging hole 
93 that extends in an axial direction of the valve timing adjusting 
apparatus 60 and inserts therein the lock pin 91. The engaging 
hole 93 has sliding groove 94 in rectangular cross-section form 
which traverses the central portion of the engaging hole 93, 
orthogonally crossing the axial direction of the engaging hole 
(in a radial direction of the housing 11) as shown in FIG. 9. 
The sliding groove 94 is generally composed of an opening 94a 
opened to the vane 80b of the rotor 80, located inside in a radial 
direction of the housing 11, an opening 94b opened to a third 
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oil passage 56 provided within the camshaft 20, and a bottom 
94c having a cross-section that is smaller than that of the opening 
94b/ located outside the housing 11 in a radial direction thereof . 
Within this sliding groove 94 is provided a slider 95 (closing 
member) being subject to hydraulic pressure (lock releasing 
hydraulic pressure) supplied by the third oil passage 56, to 
slide in the direction of arrow Z2, thereby releasing the 
engagement of the lock pin 91 and closing the engaging hole 93. 

The slider 95 is generally composed of a head 95a in 
rectangular cross-section form, a body 95b having a rectangular 
cross-section that is longer than the length of this head 95a 
in an axial direction of the valve timing adjusting apparatus 
60, a raiqped portion 95c connected between one surface of this 
body 95b # located on the rotor 80 side and one surface of the 
head 95a, located on the rotor 80 side, a bottom surface 95d 
serving as a pressure surface, which is located on the body 95b 
side, and is subject to the lock releasing hydraulic pressure 
supplied by the third oil passage 56, and a non- through hole 
95e formed in the top surface of the head 95a. A coil spring 
96 that continuously urges the slider 95 in the direction of 
arrow Zl is provided between the non- through hole 95e of this 
slider 95 and the bottom 94c of the sliding groove 94. 

In addition, as shown in FIG. 8, in the bottom 94c of the 
sliding groove 94 is formed a pressure drain passage 97 that 
extends to the housing 11 side, opposed to the rotor 80 side. 
The pressure drain passage 97 is responsible for exhausting the 
air existing in the space between the head 95a of the slider 
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95 and the bottom 94c of the sliding groove 94 to the atmosphere 
when the slider 95 is subject to lock releasing hydraulic pressure 
supplied by the third oil passage 56, on the bottom surface 95d, 
and slides in the direction of arrow Z2 against the urging force 
of the coil spring 96 , and for reducing sliding resistance of 
the slider 95. 

The operation of the second embodiment will now be described 
below* 

First of all, since an oil pump 41 shown in FIG. 12 is not 
driven when the engine is stopped, the remaining oil in the valve 
timing adjusting apparatus 1, the first oil passage 38, and the 
second oil passage 39 is flowed to oil pan 42. At that time, 
because an opening /closing control valve 57 is closed, and the 
hydraulic pressure is not supplied to the third oil passage 56, 
the lock releasing hydraulic pressure from the third oil passage 
56 does not act on the bottom surface 95d of the slider 95. 
Therefore, as shown in FIG. 9 and FIG. 10, the slider 95 slides 
in the direction of arrow Zl by the urging force of the coil 
spring 96, and the bottom surface 95c is returned to the position 
of the opening surface 94b of the sliding groove 94. At that 
time, the bottom surface 95c of the slider 95 abuts the outer 
peripheral surface of the camshaft 20 on which the third oil 
passage 56 is opened. In this state, because in the engaging 
hole 93 is positioned the head 95a that is shorter, in an axial 
direction of the valve timing adjusting apparatus 60, than the 
length of the body 95b of the slider 95, the lock pin 91 sliding 
in the direction of arrow Z3 by the urging force of the coil 
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spring 54 is allowed to engage with the engaging hole 93 until 
the tip end surface 91c of the lock pin 91 abuts the side surface 
of the head 95a of the slider 95 as shown in FIG. 8 and FIG, 
10. This regulates the relative rotation between the housing 

11 and the case 70 as the first rotor 10, and the rotor 80 (the 
locking state) • 

Subsequently/ since it is difficult to control the relative 
rotation between the first rotor and the second rotor of the 
valve timing adjusting apparatus 60 at the desired position on 
account of a low temperature and a high viscosity of the oil 
immediately after the engine is started and the pump 41 in FIG. 

12 is driven, the opening/closing control valve 57 is closed, 
and the slider 95 does not act on the lock pin 91, thereby 
maintaining the locking state. 

Then, when the engine warming up is ended, the oil gets 
to have a high temperature and a low viscosity. At this stage, 
it becomes fairly possible to control the relative rotation 
between the first rotor and the second rotor of the valve timing 
adjusting apparatus 60 at the desired position. Now, upon giving 
a control instruction, the opening/closing control valve 57 shown 
in FIG. 12 is operated to change from the closing state to the 
opening state in which the hydraulic pressure is supplied to 
the third oil passage 56, which acts the hydraulic pressure (the 
lock releasing hydraulic pressure) supplied from the third oil 
passage 56 on the bottom surface 95d of the slider 95 . The slider 
95 slides in the direction of arrow Z2 by the hydraulic pressure, 
as shown in FIG. 11. The tip end surface 91c of the lock pin 
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91 slides on the ramped portion 95c from the side surface of 
the head 95a of the slider 95 accompanied with this slide of 
the slider 95 , and comes to abut the side surface of the body 
95b. At that time, the lock pin 91 is returned in the direction 
of arrow Z4 against the urging force of the coil spring 54 as 
many as the stroke (distance) corresponding to the dimensional 
difference in length between the head 95a and the body 95b of 
the slider 95 in an axial direction of the valve timing adjusting 
apparatus 60. This causes the lock pin 91 to be came out of 
the engaging hole 93 (the engagement is released.), permitting 
the relative rotation between the housing 11 and the case 70 
as the first rotor 10, and the rotor 80 (the lock releasing state) . 
This lock releasing state is securely maintained because the 
engaging hole 93 is closed by the slider 95 slid by the lock 
releasing hydraulic pressure as long as the lock releasing 
hydraulic pressure is supplied through the third oil passage 
56 with the opened opening/closing control valve 57. 

Moreover, since the third oil passage 56 is constructed 
independently of the first oil passage 38 and the second oil 
passage 39 communicating with the advance side hydraulic pressure 
chambers 81b, 81c, and 81d, and the lag side hydraulic pressure 
chambers 82b, 82c, and 82d in which the hydraulic pressure 
fluctuations accompanied with the change in the relative angle 
between the case 70 and the rotor 80 takes place when the engine 
is running, the third oil passage 56 is not influenced by the 
fluctuations in the above-mentioned hydraulic pressure, and can 
continue applying a constant lock releasing hydraulic pressure 
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to the slider 95. 

In addition, because the air existing in the space between 
the head 95a of the slider 95 and the bottom 94c of the sliding 
groove 94 is exhausted to the atmosphere through the pressure 
drain passage 97 when the slider 95 slides in the direction of 
arrow Z2, the sliding resistance of the slider 95 is extremely 
small . Accordingly , the slider 95 promptly slides by the applied 
lock releasing hydraulic pressure, push the lock pin 91 out of 
the engaging hole 93 , and close the engaging hole 93 . In pas sing, 
the urging force of the coil spring 54, for instance, is set 
such that the slider 95 slides against the urging force of the 
coil spring 54, to allow to maintain the lock releasing state 
even when the lock releasing hydraulic pressure applied to the 
slider 95 is the lowest when the engine is running. 

Since the lock pin 91 is continuously urged in the direction 
of arrow Zl by the urging force of the coil spring 54 even when 
the engine is running, the lock pin slides on the side surface 
of the housing 11 at the time the housing 11 as the first rotor 
10 and the rotor 80 are relatively rotated. On the other hand, 
because the engaging hole 93 is always closed by the slider 95, 
the lock pin 91 is securely prevented from re-engaging with the 
engaging hole 93 no matter whatever the valve timing adjusting 
apparatus 60 is in controlling state. For instance, when 
performing the intermediate maintaining control in which the 
relative angle between the housing 11 and the case 70 as the 
first rotor 10 and the rotor 80, such that the vane 80b of the 
rotor 80 is maintained in the intermediate position in which 



36 



the vane of the rotor is apart from both of the shoe 70d and 
the shoe 70a of the case 70, the lock pin 91 will slide in the 
proximity of the engaging hole 93. However, even in this case, 
because the engaging hole 93 is closed by the slider 95, the 
lock pin 91 is securely prevented from re-engaging with the 
engaging hole 93 . 

In addition, once the engine stopped, the remaining oil 
within the first oil passage 38 and the second oil passage 39 
flowed down to the oil pan 42, and air comes to stay in each 
oil passage . If the engine is re-started under such a condition, 
it is difficult to control the valve timing adjusting apparatus 
60 in the substantially intermediate position between the most 
advanced position and the most lagged position for the reason 
that the oil supplied from the first oil passage 38 and the second 
oil passage 39 into the valve timing adjusting apparatus 60 
contains air therein even though the oil has a high temperature 
and a low viscosity. Even in this case, closing the 
opening /closing control valve 57 allows a stop of the supply 
of the hydraulic pressure for lock releasing to the slider 95, 
thereby maintaining the locking state. Subsequently, opening 
the opening /closing control valve 57 after the air contained 
within the oil permits supply of the hydraulic pressure for lock 
releasing to the slider 95, which pushes the lock pin 91 out 
of the engaging hole 93, thereby controlling the rotor 80 at 
an (arbitrarily) desirable angle relative to the housing 11 and 
the case 70 as the first rotor 10. 

As mentioned above, according to the second embodiment 
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through the structure that the slider 95 serving as a closing 
member that closes the engaging hole 93 is slidable in a direction 
orthogonally crossing the axial direction of the engaging hole 
93 in addition to various effects brought about by the structure 
according to the first embodiment and the modifications thereof , 
the slider 95 can be received inside the engaging hole 93 formed 
in the direction in which the lock pin 91 slides along the axial 
direction of the valve timing adjusting apparatus 60. This 
reduces the size of the valve timing adjusting apparatus 60 in 
its radial direction. While, in the second embodiment, the 
slider 95 slides in a direction orthogonally crossing the axial 
direction of the engaging hole 93 , the slider may slide not only 
in a direction orthogonally crossing the axial direction of the 
engaging hole, but also in a direction crossing the axial 
direction of the engaging hole. 

Although, in the second embodiment, it is arranged such 
that the valve timing adjusting apparatus includes the slider 
sliding in a direction crossing the axial direction of the 
engaging hole 93 receiving therein the lock pin 91 sliding in 
an axial direction of the valve timing adjusting apparatus 60, 
the valve timing adjusting apparatus may adopt, within the 
engaging hole 93, a closing member that slides in an axial 
direction of the engaging hole 93, that is, it has such the slider 
51 as with the first embodiment, for instance. 

In passing, although so-called intermediate lock type valve 
timing adjusting apparatus 1, 60 are disclosed in the first 
embodiment and second embodiment, the present invention is also 



38 



applicable to the most advanced lock type valve timing adjusting 
apparatus which regulates the rotation of the second rotor 
relative to the first rotor at the most advanced position and 
the most lagged lock type valve timing adjusting apparatus which 
regulates the rotation of the second rotor relative to the first 
rotor at the most lagged position. 

While, in the first embodiment and the second embodiment, 
the sliders 58 and 95 sliding by hydraulic pressure are adopted 
to close the engaging holes 59a and 93, the present invention 
is not necessarily limited to the closing members such as the 
above-mentioned closing members , any means maybe adopted insofar 
as one uses means for preventing the lock pins 51 and 91 regulating 
the relative rotations between the first rotor 10 and the second 
rotors 30, 80 from re-engaging with the engaging hole, no matter 
whatever structure the means has therein. Other means such as 
a diaphragm in which its film surface vertically moves by 
hydraulic pressure within the engaging holes 59a and 93, for 
instance, may be optionally used to close the engaging holes 
59a and 93. 

Additionally, although in the first embodiment and second 
embodiment, it is arranged such that the supply and the stop 
of lock releasing hydraulic pressure to the sliders 58 and 95 
serving as the closing member is controlled by the 
opening /closing operation of the oil passage of the 
opening/closing control valve 57, such as a method of elongating 
the oil passage length of the third oil passage 56 or providing 
a restrictor within the third oil passage 56 can be adequately 
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adopted as necessary, as a method of causing the lock pins 51, 
91 stay within the engaging holes 59a, 93, respectively, for 
a predetermined period of time by delaying the time of supplying 
hydraulic pressure acting on the sliders 58, 95 that push the 
lock pins 51, 91 out of the engaging holes relative to the time 
of supplying hydraulic pressure required for causing the relative 
rotation between the first rotor 10 and the second rotors 30, 
80 immediately after the engine is started. 
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What is claimed is: 

1. A valve timing adjusting apparatus comprising: 

a first rotor rotating synchronously with a crank shaft 
of an internal combustion engine; 

a second rotor fixed to the end face of an intake or exhaust 
camshaft thereof and relatively rotatably provided within the 
first rotor by a predetermined angle; 

a rotation regulating member provided within either the 
first rotor or the second rotor , regulating the relative rotation 
between the first rotor and the second rotor when the relative 
position between both the rotors reached a predetermined 
position; and 

an engaging hole formed within either the first rotor or 
the second rotor, receiving therein the rotation regulating 
member during the relative rotation between both the rotors is 
regulated, and being closed after the regulation of the relative 
rotation between both the rotors is released. 

2. The valve timing adjusting apparatus according to Claim 1, 
wherein a closing member closing the engaging hole is provided. 

3. The valve timing adjusting apparatus according to Claim 2, 
wherein the closing member is a member sliding in an axial 
direction of the engaging hole. 

4. The valve timing adjusting apparatus according to Claim 2, 
wherein the closing member is a member sliding in a direction 
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crossing the axial direction of the engaging hole. 

5. The valve timing adjusting apparatus according to Claim 2, 
wherein the closing member is hydraulically slidable. 

6. The valve timing adjusting apparatus according to Claim 5, 
wherein an oil passage supplying hydraulic pressure for the 
closing member is separately provided from an oil passage 
supplying hydraulic pressure for relatively rotating the first 
rotor and the second rotor. 

7. The valve timing adjusting apparatus according to Claim 6, 
wherein the oil passage supplying hydraulic pressure for the 
closing member comprises a valve controlling the supply and the 
stop of hydraulic pressure for operating the closing member. 

8. The valve timing adjusting apparatus according to Claim 5 # 
wherein the closing member can release the regulation of the 
relative rotation between the first rotor and the second rotor 
even when the hydraulic pressure is the lowest when the internal 
combustion engine is running. 

9. The valve timing adjusting apparatus according to Claim 1, 
wherein the engaging hole is formed in the position between the 
most advanced position and the most lagged position/ which is 
the relative position of the second rotor relative to the first 
rotor . 
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10. A valve timing adjusting apparatus comprising: 

a first rotor rotating synchronously with a crank shaft 

of an internal combustion engine; 

a second rotor fixed to the end face of an intake or exhaust 

camshaft thereof and relatively rotatably provided within the 

first rotor by a predetermined angle; 

a rotation regulating member provided within either the 

first rotor or the second rotor # regulating the relative rotation 

between the first rotor and the second rotor when the relative 

position between both the rotors reached a predetermined 

position; 

an engaging hole formed within either the first rotor or 
the second rotor, receiving therein the rotation regulating 
member during the relative rotation between both the rotors is 
regulated, and being closed after the regulation of the relative 
rotation between both the rotors is released; and 

a closing member that forces the rotation regulating member 
out the engaging hole to thereby release the engagement of the 
rotation regulating member, and closes the engaging hole. 
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Abstract of the Disclosure 
A lock pin is slidably provided in a radial direction of 
an apparatus side, within a lock pin receiving hole in a first 
rotor. Within a slider receiving hole in a rotor as a second 
rotor is provided a slider (closing member) slidable in an axial 
direction of the slider receiving hole , andabush is press-fitted 
into a position in the proximity of the outer peripheral surface 
of the rotor, in the slider receiving hole . On the bush is formed 
an engaging hole passing through the bush along its axial 
direction and engaging therein the lock pin. The slider slides 
by hydraulic pressure to push the lock pin engaged with the 
engaging hole out of the hole, and close the engaging hole. 
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